Summary
Blood from the posterior orbital sinus of Syrian hamsters, obtained under halothane anaesthesia, clln be cultured to give large numbers of metaphase chromosome spreads for analysis. The procedure has been used for rapid routine screening of the karyotypes of all offspring in a breeding colony where translocations are present. Results can be obtained within 3 days of collecting the blood sample.
In studying the transmission of chomosome structural aberrations, it is necessary to determine the karyotype of all offspring. This presents a formidable problem in a rapidly breeding colony. For a number of years we have kept the pieces of skin derived from the earpunches made on young at weaning to identify them, and used them to establish short-term fibroblast cultures in vitro. Karyotypes can be obtained in about 15 days, but the method is demanding of time, space and materials, so alternative procedures were investigated.
One possibility, which has been used successfully with mice, is that of direct chromosome preparations from the tail tips of neonates (Evans, Burtenshaw & Ford, 1972) . Hamsters, however, have very small tails, and the handling and disturbance involved invariably leads to the litter being eaten by the mother.
A second possibility was the use of short-term blood lymphocyte cultures. Unlike many rodents, Syrian hamsters do not have any readily accessible veins. We therefore investigated the method of obtaining blood from the orbital sinus (Pansky, Jacobs, House & Tassoni, 1961) and found it to be readily adaptable for routine screening, giving excellent karyotypes within 3 days and requiring much less effort.
Methods

Anaesthesia
Animals are lightly anaesthetized with a mixture of halothane and air (halothane, 2 bromo-2-chloro-l; 1,I-trifluoroethane stabilized with 0·01% thymol; May & Baker Ltd, Dagenham, Essex, RM 10 7XS, UK). Air is supplied from a cylinder to a gas blender ('Flow Stat'; G. A. Platon Ltd, Wella Road, Basingstoke, Hampshire, RG22 4AQ, UK) and then to a 20 litre air reservoir at 1·4 x 10 5 N/m 2 fitted with a filter. This system maintains a constant positive pressure, thus avoiding intermittent variations in halothane concentration within the lungs.
The halothane vapourizer ('Fluotec 3'; Cyprane Ltd, Keighley, Yorkshire, BD21 2NN, UK) is fitted with a variable air-gas mixing valve and a gas-flow manometer.
A standard pressure of 5·5 x 10 4 N/m 2 and a flow of about I litre air-gas mixture was used for both primary and secondary anaesthesia.
For primary (induction) anaesthesia the animals were enclosed in a large glass cylinder 300 x 100 mm diameter with inlet and exit ports. 2% halothane was used for 2-3 min.
Secondary (maintenance) anaesthesia with 0·5% halothane administered through a face mask was required only for the time taken to obtain the blood sample (1-2 min).
Recovery was complete within 3 min, and no postanaesthetic effects have been observed.
Orbital bleeding
The procedure used is essentially the same as that of Pansky et al. (1961) . It is advisable to study the anatomical position of the orbital sinus before starting, and probably the best way to do this is to make a preparation of a skull from an animal of the age of those to be bled.
For blood collection, we use a 0·6 mm diameter (23 SWG) disposable hypodermic needle fitted to a 2 ml disposable syringe. As hamster blood coagulates rapidly it is essential to rinse the syringe and needle with a sterile solution of heparin, free from any phenol preservative, at a concentration of 160 units/ml in isotonic saline, and to leave about 0·1 ml in the syringe.
The skin behind the orbit is retracted by hand to cause bulging of the eye. The tip of the needle is placed against the bulb capsule (membranes supporting the eye) at a point midway along the superior border of, but beneath, the upper lid. The needle is gently inserted and slid downwards directing the point towards the back of the orbit, using the vertical plate of the frontal bone as a guide. With the animal lying prone, the angle of entry of the needle is inclined 30-50°from the vertical in the anterior direction. After 4-6 mm of entry (depending upon the age and size of the animal), the needle point encounters a narrow shelf lying parallel to the lateral edge of the maxilla. The syringe is pulled back slightly, gently rotated, and the plunger withdrawn very slightly. Entrance into the sinus will be confirmed by the free flow of blood into the syringe. Volumes up to 2 ml can be obtained, depending upon the size of the animal. For our routine screening, 0·1-0·2 ml is quite adequate.
The depth of penetration required to reach the posterior sinus in hamsters precludes the use of the fine glass pipettes or plastic cannulation employed for the anterior sinus of the mouse (Sorg & Buckner, 1964) .
Blood culture
The 0·1 ml blood sample is thoroughly mixed with the heparin in the syringe immediately after removal. It is then injected into approximately 8 ml of the basic culture medium (RPM1 1640; Flow Laboratories Ltd, PO B 17, Second Avenue, Industrial Estate, Irvine, Ayrshire, KA12 8NB, UK) to which 3 drops of the heparin solution has been added. The mixture is shaken gently and centrifuged at 800 rev/min (100 g) and the supernatant discarded. This washing procedure removes most of the animal's own plasma, and the heparin reduces the proteins which would be precipitated at the fixation stage.
The pellet of cells is resuspended in a small volume (approximately O·5 mt) of complete culture medium. The suspension is transferred to a small sterile plastic vial, 50 x 16 mm diameter with a screw cap ('Bijou'; Sterilin Ltd, 43-45 Broad Street, Teddington, Middlesex, TW 11 8QZ, UK) containing 4 ml of complete medium, gassed with a 5% mixture of carbon dioxide in air, and incubated for 48-72 h at 36·5°C.
The complete culture medium is: RPM11640 bovine calf serum (heat-inactivated for 30 min at 60°C)-20% L-glutamine-300 mg/I penicillin and streptomycin-lOa units/ml
For stimulating the lymphocytes to divide the phytomitogen 'Concanavalin A' (Pharmacia (Great Britain) Ltd, Paramount House, 75 Uxbridge Road, London, W5 5SS, UK) is used (Janossy & Greaves, 1971) , as this has proved in our experience to be the most reliable for hamster blood. We find 16 ,ug/ml final concentration in the culture medium to be optimal. Phytohaemaglutinin and pokeweed mitogen, and mixtures of these, have been tested but were not found to be as consistent as 'Concanavalin A'.
Breckon & Goy Cytological procedure follows the normal air-drying pattern.
Briefly, 'Colcemid' (CIBA Laboratories, Wimblehurst Road, Horsham, Sussex, RH12 4AB, UK) is added to the cultures at a final concentration of 0·08 ,ug/ml for about 2 h prior to harvest.
Cultures are centrifuged for 5 min at 800 rev/min and resuspended in 0·5% potassium chloride solution for 15 min at room temperature.
They are then recentrifuged, and fixed as a suspension in a large volume of 3 parts absolute methyl alcohol to 1 part glacial acetic acid for 10 min. A 2nd fixation for 30 min follows, and the cells are finally resuspended in fresh fixative at a dilution suitable for air-drying on clean, dry, microscope slides.
For conventional examination we use a combined toluidine blue staining and mounting media (Breck on & Evans, 1969) , or the chromosomes may be Gbanded by ASG (Buckland, Evans & Sumner, 1971) or trypsin (Seabright, 1971) , or C-banded with barium hydroxide (Sumner, 1972) . Table 1 gives a summary of mitotic index scores derived from the first 121 animals sampled by the methods outlined above. The presence of a relatively high frequency of tetraploid cells is probably indicative of the presence of 2nd post-stimulation divisions, and is characteristic of Syrian hamster cultures in general. In this they form a contrast to many other species where polyploid cells form a negligible percentage at these sampling times.
Results and discussion
Cell growth
O· I ml of blood is about the minimum amount required to seed a culture. Our only failure in animals sampled to date can be attributed to a starting blood volume of about 0·06 ml. The frequency of dividing cells derived from O· 1 ml is quite adequate to give up to 30 standard chromosome slides, a higher return than any other species which we have examined. This may be a reflection of the fact that lymphocytes form the predominant white cell type, about 70% (Hoffman, Robinson & Magalhaes, 1968 , and our own unpublished observations).
The frequency of cells in 1st, 2nd and 3rd divisions at various sampling times in a typical culture is shown in Fig. 1 . This is based on the incorporation of bromo- deoxyuridine into the DNA followed by f1uorescence-plus-Giemsa (FPG) staining (Perry & Wolff, 1974) . The 1st and subsequent divisions can be distinguished by the colour segregation patterns of the chromatids.
Advalllages of the method
The orbital technique has a number of advantages:
it is rapid and causes minimum trauma to the animal; multiple samples can be taken from the same site at intervals; the blood obtained is uncontaminated and undiluted by other body fluids; provided strict sterility is observed, there is minimal chance of infection; at least for hamsters, sufficient blood can be obtained for utilization in multisample experiments.
137 animals have been sampled up to the time of writing and there have been no deleterious after effects in any of them. Very rarely, traces of extraneous blood are seen following the sampling, but there have never been any problems with eye movement or infection. 
